Black rice (Oryza sativa L. "Cempo Ireng") is one of local rice varieties in Sleman Regency, Yogyakarta. The black color is caused by high anthocyanin content which is important source of antioxidant. The cultivation of black rice is still limited due to its tall phenotype, long vegetative stage and low productivity compared to white rice. Paclobutrazol is a growth retardant causing dwarfing in several crop plants and reducing lodging. Blue light can improve plant quality. This research was aimed to evaluate the effect of blue light and paclobutrazol on seed germination, vegetative growth and yield of black rice. The results showed that the average of seed germination as well as the activity of α-amylase of seeds subjected to blue light were lower compared to those subjected to sunlight; however, paclobutrazol concentrations did not affect seed germination percentage. The height of rice plants treated with paclobutrazol decreased in accordance with the increase of paclobutrazol concentration. Chlorophyll content and tiller numbers increased by paclobutrazol treatment of 12.5 ppm. Nitrate reductase activity was higher in rice seedlings subjected to blue light compared to those subjected to sunlight. Iron (Fe) content of rice plants treated with 25 or 50 ppm paclobutrazol increased compared to control. It was concluded that paclobutrazol application of 12.5 ppm already reduced plant height. The higher concentration of paclobutrazol applied the greater reduction on plant height was observed. Blue light treatment applied during black rice seed germination slightly reduced germination percentage and α-amylase activity in the germinated seeds. However, blue light treatment combined with paclobutrazol application during black rice seed germination increased chlorophyll content, tiller numbers and Fe content in black rice grain.
INTRODUCTION
Rice is among staple food having many varieties. Besides white rice, there are brown rice, red rice and black rice varieties. The price of black rice is relatively more expensive than that of white rice. The higher price of black rice may have been caused by the increasing awareness of people to consume black rice which contains more vitamins, minerals and anthocyanin. Anthocyanin content in black rice was reported to be beneficial for human health as it can lower cholesterol level in the blood and reduce the risk of arteriosclerosis (Ling et al. 2001 ). However, not many farmers choose to cultivate black rice because the vegetative phase of black rice is longer than that of white rice. In addition, birds as well as the rice earhead bug (Leptocorisa oratorius) like to feed on developing black rice caryopsis which cause severe loss in black rice yield. The phenotype of black rice is also taller compared to other rice hybrids causing problems in cultivation.
Paclobutrazol is a synthetic growth inhibitor that acts by blocking gibberellin biosynthesis in plant (Rademacher 2000) resulting to semidwarf or dwarf plants. Semidwarf character is one of important traits, as semidwarf plants are lodging resistance. The productivity of semidwarf plant also increased because assimilates translocation is more directed to develop seeds rather than to develop new leaves or buds (Evans 1993) . Dwarfisme can be due to either deficiency in gibberellin biosynthesis or inhibition in gibberellin signalling (Spielmeyer et al. 2004) . Application of paclobutrazol to create semidwarf plants was reported in rice subspecies "Keng", in which 22.5 g/mL paclobutrazol reduced stem height and increased tiller numbers (Minzi 1993) . It was also reported that application of paclobutrazol effectively reduced vegetative growth of rice plants and increased chlorophyll content. Rice seedlings treated with paclobutrazol allocated more photosynthates for seed development compared to control plants or those plants treated with gibberellin (Yim et al. 1997) . In corn (Zea mays L.) under drought stress, application of 50 ppm paclobutrazol increased yield and average weight of 1,000 seeds (Bayat & Sepehri 2012) .
Blue light is light spectrum having wave length of 320 -490 nm (Dougher & Bugbee 2004) . Receptor of blue light is known as Blue Light Absorbing Photoreceptor (BAP) (Meijer 1968; Gaba & Black 1979; Thomas 1981) . Plants respond differently to blue light irradiation (Dougher & Bugbee 2004) . According to Guerra et al. (1985) , wheat plants subjected to blue light showed a decrease in the activity of enzymes regulating lignification which promoted shoot elongation. In Phaseolus vulgaris, blue light increased cell expansion (Van Volkenburgh et al. 1990) . In rice seedlings, respiratory activity of plants subjected to blue light increased to about 1.5 folds compared to those treated with white light. This was due to an increase in the activity of piruvat kinase and malat dehidrogenase enzymes regulating cell respiration which caused the increase of ATP production and blue light irradiation (Yu & Pan 1996) . In addition, activity of nitrate reductase, nitrite reductase, glutamate synthetase and glutamin synthetase were higher in rice seedlings subjected to blue light for 5 -7 days compared to those subjected to white light. However, if the seedlings were subjected to blue light for more than 10 days, the activity of those enzymes declined (Deng et al. 2000) . Nitrate reductase is an enzyme that catalyzes reduction of nitrate to nitrite. Several studies indicated that the level of nitrate reductase in plant tissues is altered by exogenous application of phytohormones (MacKintosh 1998) . The activity of nitrate reductase in rice increases with the application of cytokinin and 2-chloro ethyl trimethyl ammonium chloride, which are gibberellins biosynthesis inhibitor (Hemalatha 2 0 0 2 ) . G l u t a m i n e 2 -o x o g l u t a r a t e aminotransferase (glutamate synthase, GOGAT) and glutamine synthetase (GS) are the key enzymes in primary assimilation and reassimilation of nitrogen in plants. These enzymes catalyze coupled reactions known as the GS/GOGAT cycle, through which inorganic nitrogen is transformed into organic nitrogen (Lu et al. 2011) .
Improving iron content and its bioavailability in rice have been applied to alleviate or to solve micronutrient deficiency in human. Iron content in black rice is higher than that in other rice types (Meng et al. 2005) . Several methods to improve iron content and its bioavailability in rice seeds have been conducted, such as breeding, genetic engineering, biochemical and physical approaches. The objective of this research was to evaluate the effect of blue light and paclobutrazol on growth, α-amylase activity, nitrate reductase, iron content and yield in black rice.
MATERIALS AND METHODS
'Cempo Ireng' black rice seeds were selected and soaked in aquadest for 24 hours. Plastic trays of 18 x 24 cm were prepared and filled with a mixture of top soil and compost (3 : 1 = v/v) as growth media. One hundred seeds were spread and germinated in each plastic tray. The media was then wetted with either tap water (control) or paclobutrazol solution of 12.5, 25, 50 or 100 ppm. Seeds were then placed under natural light in the green house or in a growth chamber installed with blue LED (Light Emitting Diode). The average daily temperature and relative o humidity inside the green house were 30 C and 70%, respectively. The seeds were subjected to blue light for 12 hours per day from 06:00 am to 06:00 pm until the seedlings were 3 weeks old. The photosynthesis photon flux level for natural 2 light and blue light was 300 µmol/m /s and 30 2 µmol/m /s, respectively (LI-250A Light Meter, ® LI-COR USA). For each combination treatment, five replications were made. Germination percentage was determined on day 7. At the same time, the α-amylase activity in germinated seeds was determined in 10 mg whole grain samples. The CERALPHA kit (Megazyme International Ireland Ltd) was used based on the manufacturer's protocol and with appropriate dilutions. Data were expressed in CU (ceralpha unit) per g flour. At day 14, several parameters were determined such as seedling height, chlorophyll content and activity of nitrate reductase. Chlorophyll content was determined spectrophotometrically according to Harborne (1973) . Nitrate reductase activity was determined spectrophotometrically according to Hartiko et al. (1984) . At day 21, seedlings treated with paclobutrazol showing dwarf phenotype were selected and then transplanted in plastic pots containing a mixture of top soil and compost (3 : 1 = v/v) . In each plastic pot, two seedlings were planted. Each treatment combination had five replications. All plants were watered regularly and organic liquid fertilizer was applied every two weeks. At week twelve, plant height was measured and tiller numbers were determined. The plants were harvested at week 20, followed by the determination of 100 harvested seeds weight and iron content. The iron content was determined using Atomic Absorption Spectrometry (AAS). One gram of black rice grain (two samples per treatment) were weighed and placed in a furnace at 500 -600 °C for 4 hours. Samples were then cooled and subjected to wet digestion with 10 mL of HCl 20%. Samples were filtered with Whatman No.3 filter paper and placed in 50 mL volumetric flask and filled up to the mark with doubledistilled water. Total Fe content of the grain samples were determined using Perkin Elmer 3110 AAS (Welz & Sperling 2007) . Data were analyzed using ANOVA and DMRT (Duncan's Multiple Range Test) to determine the significant difference between treatments.
RESULTS AND DISCUSSION
The average of seed germination percentage of black rice seeds treated with paclobutrazol and blue light is presented in Figure 1 . Under sunlight, germination percentage of black rice seeds was 100% for control seeds. Germination percentage of seeds treated with 12.5 ppm paclobutrazol was 98%. Germination percentage of seeds treated with 25, 50 or 100 ppm reached 90%. Subjected to blue light, germination percentage of black rice seeds was 80 -85% and there were no significant differences between control seeds and seeds treated with paclobutrazol. This result indicated that primary dormancy of black rice seeds was possibly influenced by blue light. Seed germination can be influenced by dormancy level and light quality. In arabidopsis, white light and red light tend to increase seed germination, while in cerealia, such as barley and wheat, white light and blue light maintain dormancy level in the seeds (Gubler et al. 2008) . In barley, blue light increased the expression of genes encoding enzymes that catalyze the biosynthesis of abscisic acid. As a consequence, the abscisic acid content was high, but on the other hand, the expression of genes encoding enzymes that catalyze gibberellins biosynthesis decreased (Gubler et al. 2008) . Inhibition in barley seed germination subjected to blue light was due to an increase in abscisic acid level to about 3.5 folds compared to control (Hoang et al. 2013) . The increase in abscisic acid level was a result of an increase in the expression of genes encoding of the enzyme that catalyzed abscisic acid biosynthesis namely HvNCED1 and HvNCED2, as well as an increase in the embryo sensitivity to abscisic acid. Blue light also decreased the expression of gene encoding of an enzyme that catalyzed gibberellin biosynthesis (HvGA3ox2), but increased the expression of gene encoding of an enzyme that catabolized gibberellin. In wheat, seed germination inhibition subjected to blue light can be prevented by the presence of methyl jasmonate or nitrite oxide. It was also proven that methyl jasmonate application reduced the level of abscisic acid, and it was due to a decrease in the expression of gene encoding of an enzyme that catalyzed abscisic acid biosynthesis (TaNCED1) and a reduction the expression of TaABA'OH-1 which encoded an enzyme that catalyzed degradation of abscisic acid (Jacobsen et al. 2013) . The mechanism by which seed germination in black rice was inhibited by blue light was probably due to an increase in abscisic acid level and reduction in gibberellin biosynthesis. This assumption warrants further examination.
α-amylase Activity
Germination processes in cereals are also determined by the activity of enzymes that degrade carbohydrate in the endosperm to its sugar component. α-amylase is one of enzymes that plays a role during cereals seed germination. In this experiment, the activity of α-amylase was determined according to procedure mentioned in CERALPHA kit (Megazyme International Ireland Ltd).
α-amylase activity in germinated rice grains without paclobutrazol application was slightly lower in grains subjected to blue light compared to those subjected to sunlight (Table 1 ). This finding is related to the average of germination percentage which also decreased in black rice seeds subjected to blue light. In barley, blue light increased abscisic acid level and significantly increased embryo sensitivity to abscisic acid (Hoang et al. 2014; Barrero et al. 2014) . The result of this study indicated that a slight inhibition in seed germination of black rice seeds subjected to blue light was due to either higher level of abscisic acid in the seeds or the sensitivity of embryo to abscisic acid. It was known that abscisic acid repressed the activity and signalling of gibberellin that induced α-amylase during seed germination in cereals (Ishibashi et al. 2012 ). In arabidopsis, the level of endogenous abscisic acid increased about two folds as compared to control by application of uniconazol (Saito et al. 2008) . In this study, interaction between paclobutrazol and blue light on α-amylase activity was evaluated in the germinated black rice seeds. The activity of α-amylase in black rice seeds treated with 12.5 ppm paclobutrazol and germinated under sunlight decreased around 13% compared to control. This could be due to lower level of gibberellin produced during seed germination which led to reduction in α-amylase activity. Nevertheless, α-amylase activity in black rice seeds treated with 25 to 100 ppm paclobutrazol was relatively similar to control. These results were probably due to the feedback mechanism in which gibberellins biosynthesis was repressed by paclobutrazol. However, the expression of genes encoding of enzymes that catalyzed gibberellins biosynthesis was changed and it might also alter the expression of genes encoding α-amylase and/or α-amylase activity. Lenton et al. (1994) showed that paclobutrazol application in wheat caused a decrease in the endogenous gibberellin in the scutellum, but it did not influence the expression of α-amylase mRNA. However, the decline in endogenous gibberellin in wheat endosperm was related with downregulation of α-amylase mRNA. From that report, it was suggested that the initiation of α-amylase gene expression in the scutellum did not depend on a new gibberellin. However, the expression of α-amylase gene in the endosperm depended on gibberellin biosynthesis in the embryo. This suggestion is in accordance with the fact that germination still occurred in black rice seeds treated with 100 ppm paclobutrazol, which might be caused by sufficient gibberellin in the scutellum. Therefore, initiation of α-amylase gene expression could also be carried out. It should be noted that there was still an inhibition on shoot growth of black rice seeds treated with paclobutrazol. This may be related to inhibition of new gibberellin biosynthesis in the shoot. In arabidopsis, application of uniconazole, which is also a gibberellins inhibitor, caused shoot stunting, but with enhanced elongation of the primary roots (Bidadi et al. 2009 ). In semidwarf rice (sd1) obtained from a mutation of the GA20ox-2 gene, the level of endogenous gibberellin was low, however, the normal height of the semidwarf rice is restored by exogenous application of GA (Ashikari et al. 2002; Sasaki et al. 2002) . This gene is expressed mainly in stems and is an important regulatory step on the pathway to synthesize active GA (reviewed in Hedden 2003) . Semidwarf rice was also obtained from suppression of OsGA20ox1 gene which suggested to be involved in the regulation of shoot stature in rice (Oikawa et al. 2004) . In addition, different alleles of the GAresponsive dwarf rice (d18) are associated with mutations in the OsGA3ox2 gene that is also expressed highly in stems (Itoh et al. 2001) . The probability of phototropin involvement in the biosynthesis of gibberellin and activity of α-amylase also warrant further evaluation. The activity of amylase in black rice seeds treated with paclobutrazol and subjected to blue light tend to increase compared to those of control. The endogenous gibberellin decreased rapidly in rice seedlings subjected to blue light, due to a decrease in expression of genes that involved in gibberellin biosynthesis (OsGA20ox2 and OsGA20ox4) and an increase in expression of genes encoding the enzyme that catabolized gibberellin (OsGA2ox4 and OsGA2ox7). In addition, analysis in blue light receptor mutants (cry 1a dan cry 1b) also showed that the mechanism of blue light in decreasing the biosynthesis of gibberellin was through an increase in the expression of genes that involved in gibberellin catabolism (Hirose et al. 2012) . Commonly, there are several isozymes that catalyze the biosynthesis of gibberellins and it could be that some of those isozymes were upregulated as a feedback mechanism when the level of endogenous gibberellins was lowered by paclobutrazol treatment. The upregulation of some isozymes that involved in gibberellins biosynthesis may also influence the activity of α-amylase. Mustard (Sinapis alba L.) seedlings experienced increase of β-amylase activity in the cotyledon after being subjected to continuous blue light for 42 -96 hours from sowing. After that, the β-amylase activity abruptly declined (Manga & Sharma 1988) . In this research, the α-amylase activity was only determined in 3 days old germinated seeds. Further experiment is still required to observe the pattern of amylase activity until seedlings were established.
Average of Plant Height and Tiller Numbers
Application of paclobutrazol can cause semidwarf or dwarf phenotype and it depends on the concentration applied (Rademacher 2000) . Paclobutrazol concentrations of 200 mg/L to 600 mg/L decreased gibberellin content in the leaves compared to that of control when applied to rice plant during (Syahputra et al. 2013) . The average of plant height in black rice treated with blue light and paclobutrazol at seedling stage 3 weeks old and at heading date is presented in Figure 2 and Figure 3 .
Paclobutrazol application reduced plant height (Fig. 2 & 5) . The measurement that was carried out on 3 weeks old black rice seedlings showed that 12.5 ppm paclobutrazol applied during seed germination stage caused plant height reduction to about 25% compared to control, both in seedlings subjected to blue light or sunlight. Greater concentration of paclobutrazol caused severe dwarfism. Seeds that still germinated under 100 ppm paclobutrazol were so small and it was impossible to replant the seeds in bigger plastic pots. Thus, further growth evaluation only used seedlings treated with either control or 12.5, 25 or 50 ppm paclobutrazol. This study showed that after black rice seedlings were being grown in open area for 12 weeks, those plants treated with 12.5 ppm paclobutrazol with or without blue light during germination still experienced 16 -20% reduction in the average of plant height compared to control. Black rice plants that previously treated with either 25 or 50 ppm paclobutrazol still showed dwarfism (about 50% reduction in plant height compared to control). This result indicated that paclobutrazol treatment during seed germination inhibited biosynthesis of gibberellin. However, tiller numbers in plants treated with 50 ppm paclobutrazol increased significantly compared to control. The average of tiller numbers in black rice plants treated with paclobutrazol is presented in Figure 6 . Tiller numbers of black rice seeds subjected to blue light and 12.5 or 25 ppm paclobutrazol increased compared to control (Fig. 6) . In rice plant, auxin inhibited the biosynthesis of cytokinin and limited tiller growth (Liu et al. 2011) . Application of paclobutrazol on mango plants (Mangifera indica L.) inhibited biosynthesis of gibberellin and auxin (Adil et al. 2011 ). Thus, it is possible that paclobutrazol treatment in black rice plants reduced biosynthesis of gibberellin as well as auxin. On the other hand, cytokinin biosynthesis increased causing the increase of tiller numbers. The mechanism of paclobutrazol in inducing tiller growth is interesting to be further evaluated. The dwarfism caused by paclobutrazol may also increase the resistance of plants towards waterlogging as well as pests and diseases attacks (Bridgemohan & Bridgemohan 2014; Cohen et al. 1987) . Figure 7 shows the average of chlorophyll content in 3 months old black rice plant.
Chlorophyll Content
The average of total chlorophyll was higher on plants treated with paclobutrazol compared to control (Fig.7) . This could be due to triazol applied during seed germination increased the biosynthesis of chlorophyll precursor, so that (Chaney 2005) . Paclobutrazol application in Camelina sativa L. Crantz also increased chlorophyll content which led to greater rate in photosynthesis and higher yield (Kumar et al. 2012) . Paclobutrazol also increased the activity of oxidative enzymes and enhanced plant resistence to water lodging in Ipomoea batatas L. (Lam) (Lin et al. 2008) . The results of this experiment showed that black rice plants treated with either 25 or 50 ppm paclobutrazol have greener leaves compared to control; the leaves also experienced late senescence. This could be due to an increase in the activity of oxidative enzymes which prevented cell maturation. Slow senescence in leaves can prolong the phase of seed development and maturation. As a consequence, the yield can be increased, but the harvest time become late (Pan et al. 2013) .
Activity of Nitrate Reductase
Nitrate is a source of nitrogen for plant's cell. Nitrate is reduced to ammonium in roots which then be stored in the vacuole or transported to leaves. Reduction of nitrate to ammonium is catalyzed by nitrate reductase. The activity and transcript level of nitrate reductase in rice plant was suggested to be influenced by G-protein and protein kinase (Ali et al. 2007) . The average of nitrate reductase activity in black rice plants treated with paclobutrazol and blue light is presented in Figure 8 .
Activity of nitrate reductase increased in black rice plant treated with paclobutrazol and subjected to blue light during seed germination (Fig. 8) . Similar finding was reported in arabidopsis, in which application of GA in 3 light-grown Col-0 seedlings decreased nitrate reductase activity, but exogenous paclobutrazol enhanced nitrate reductase activity (Zhang et al. 2011) . It was suggested that paclobutrazol application may also increase several oxidative enzymes (Lin et al. 2008) . The increase in oxidative enzymes such as guaiacol peroxidase (POD), superoxide dismutases (SOD) and catalase (CAT) were related to an increase in nitrate reductase activity in ginger plant -5 (Zingiber officinale Rosco) treated with 10 M salycylic acid (Ghasemzadeh & Jaafar 2013) .
Average Weight of 100 Seeds
The average weight of 100 seeds in black rice plants treated with blue light and paclobutrazol of 25 ppm is presented in Figure 9 .
Paclobutrazol treatment did not influence the average weight of 100 seeds obtained from black rice plants subjected to sunlight (Fig. 9) . However, in plants previously subjected to blue light, application of 25 ppm paclobutrazol increased the average weight of 100 seeds compared to control or other treatments. This result was probably due to the fact that when plants were treated with blue light and 25 ppm paclobutrazol, the leaves were greener and the chlorophyll content was higher compared to those of control. In terms of productivity, those plants treated with paclobutrazol of 25 or 50 ppm had higher tiller numbers. Eventhough the weight of 100 seeds was similar to control, the total harvest of the plants treated with paclobutrazol was still relatively higher.
Fe Content in the Seeds
Fe content in the seeds was determined for plants treated with blue light and paclobutrazol (Fig. 10 ).
There was no significant effect of paclobutrazol on Fe content in black rice seeds harvested from plants without blue light treatment during seed germination (Fig. 10) . On the other hand, when the seeds were germinated under blue light, the plants produced seeds containing higher Fe content. The increase of Fe content in potato tuber following treatment with paclobutrazol was also reported by Tekalign (2005) . DeLaat et al. (2014) reported that ferritin is an essential iron homeostasis regulator in plant. Their studies showed that the expression of three ferritin gene in Phaseolus vulgaris L (PvFer1, PvFer2 and PvFer3) increased under iron excess and water deficit conditions. It has been reported that application of paclobutrazol could ameliorate abiotic stress condition, such as chilling or drought stress through the ability of the plant to increase the activity of several antioxidant enzymes (Pan et al. 2013) . In sweet potato, application of triazole increased the content of ascorbic acid, α-tocopherol, riboflavin, anthocyanin, and xanthophylls and activities of ascorbate peroxidase, superoxide dismutase, and catalase activities (Sivakumar et al. 2010) . Iron serves as a component of many vital enzymes such as cytochromes of the electron transport chain, thus required for a wide range of biological functions (Rout & Sahoo 2015) . It seems that there is an interaction between the increasing enzymatic activity triggered by triazole and iron uptake and accumulation in plant. The mechanism by which iron was accumulated in rice seeds of those plants treated with blue light and paclobutrazol is important to be further evaluated, since the bioavailability of iron in grains is important for human health. In addition, a simple and environmentally friendly technique for iron biofortification in grains is also important to be developed.
CONCLUSIONS
Blue light slightly reduced percentage of seed germination. Paclobutrazol application up to 100 ppm did not inhibit seed germination. Paclobutrazol reduced seedlings height. Tiller numbers, total chlorophyll content, nitrate reductase activity and Fe content in black rice increased in plants treated with blue light and 25 ppm paclobutrazol.
